had a much lower efficacy against bacteria and fell within the range of species that are traditionally used to treat other bodily disorders.
Bacterial infections and inflammation are among the ailments treated by traditional healers. The World Health Organization has expressed high interest in Traditional Medicine (TM), and it is important to demonstrate scientifically that the remedies employed in folk medicine are indeed therapeutically active. In order to evaluate the antibacterial activity of species used in traditional medicine in Northern Peru, 525 plant samples of at least 405 species were tested in simple agar-bioassays for antibacterial activity under simple laboratory conditions in a private clinic in Trujillo, Peru. Antibacterial activity was investigated against Staphylococcus aureus Rosenbach 1884, Escherichia coli (Migula 1895) Castellani & Chalmers 1919 , Salmonella enterica Typhi (ex Kauffmann & Edwards 1952 Le Minor & Popoff 1987 , and Pseudomonas aeruginosa (Schröter 1872) Migula 1900. The aim of the study was to scientifically test whether plants used in TM for the treatment of infections showed antibacterial activity, and to delineate a number of candidates for further in-depth study of their Minimum Inhibitory Concentration (MIC) and toxicity. One-hundred-ninety-three ethanolic extracts and 31 water extracts were active against S. aureus. In twentyone cases only the water extract showed activity. None of the aqueous extracts were active against the other three bacteria, with the activity of the ethanolic extracts also much reduced, as only 36 showed any activity against E. coli, and 3 each against S. enterica Typhi and P. aeruginosa. Two-hundred-twenty-five extracts came from species that are traditionally employed against bacterial infections. One-hundred-sixty-six (73.8%) of these were active against at least one bacterium. Of the three-hundred extracts from plants without traditional antibacterial use, only 96 (32%) showed any activity Plants used for respiratory disorders, inflammation/infection, wounds, diarrhea, and to prevent post partum infections were efficacious in 70-88% of the tests. Plants used for "kidney inflammation"
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Introduction
In developing countries, Traditional Medicine (TM) is often the only accessible and affordable treatment available. In Latin America, the World Health Organization (WHO) Regional Office for the Americas (AMRO/PAHO) reports that 71% of the population in Chile and 40% of the population in Colombia has used TM. In many Asian countries TM is widely used, even though Western Medicine is often readily available. In Japan, 60-70% of allopathic doctors prescribe traditional medicines for their patients. In the US the number of visits to providers of Complementary Alternative Medicine (CAM) now exceeds by far the number of visits to all primary care physicians (WHO 1999a (WHO , b, 2002 .
CAM is becoming increasingly popular in many developed countries. Forty-two percent of the population of the U.S.A. have used CAM at least once (WHO 1998) , and a national survey reported the use of at least one of 16 alternative therapies increased from 34% in 1990 34% in to 42% in 1997 34% in (UNCTD 2000 .
The expense for the use of TM and CAM is exponentially growing in many parts of the world. The 1997 out-ofpocket CAM expenditure was estimated at $ 2.7 billion in the U.S.A. The world market for herbal medicines based on traditional knowledge was estimated at US$60 billion already over a decade ago (Breevort 1998) . It is however important to demonstrate scientifically that the remedies employed in folk medicine are indeed therapeutically active (Baker et al. 1995 , Cox & Balick 1994 , Elisabetsky & Castilhos 1990 , Farnsworth et al. 1985 , Muñoz & Sauvain 2002 , Schultes 1994 .
Peru is a country rich in biodiversity. For millennia, traditional healers have used the flora to treat ailments. The same plants are still being used today. Traditional Medicine continues to be very popular since a large part of the population has either no access to, or cannot afford, Western Medicine. Bacterial infections and inflammation are among the ailments treated by traditional healers. Northern Peru is believed to be the center of the Central Andean Health Axis (Camino 1992 (Camino , 1999 , and traditional medicinal practices in this region remain an important component of everyday life (Bussmann 2006 , De Feo 1992 , Joralemon & Sharon 1993 , Polia 1988 , Sharon 1978 , 1980 . TM is also gaining respect by national governments and health providers. Peru's National Program in Complementary Medicine and the Pan American Health Organization recently compared Complementary Medicine to allopathic medicine in clinics and hospitals operating within the Peruvian Social Security System (EsSalud 2000) . According to the WHO (2002) , the sustainable cultivation and harvesting of medicinal plant species is one of the most important challenges in the next few years. The WHO has expressed high interest in TM.
Plants with potential medicinal activity have recently come to the attention of Western scientists, and studies have reported that some are bioactive (e.g., Perumal Samy & Ignacimuthu 2000) . Potentially active compounds have been isolated from a few of the plants tested (D'Agostino et al. 1995 a, b, Okuyama et al. 1994 , Rodriguez et al. 1994 , Umana & Castro 1990 .
Plant species from the Cordillera Blanca, one of the highaltitude areas of Peru, have been studied in recent years for their antimicrobial, anti-cancer, and wound-healing activities (Bussmann et al. 2008 , Hammond et al. 1998 , Lee et al. 1999 , Neto et al. 2002 , Villegas et al. 1997 
Materials and Methods

Plant Material
Plants in Peru were collected in the field, in markets, and at the homes of traditional healers (curanderos) in Northern Peru ( participants were only asked simple questions along the lines "What is this plant used for, which part, which quantity, how is it prepared, are any other plants added to the mixture." All questions were asked in the same order. All informants were of Mestizo origin, and spoke only Spanish as their native language. The study covered the four existing medicinal plant markets of the region, and included all venders present. All interviews were conducted with the same set of participants. The allopathic disease concept of "infection" was found to cover not only topical bacterial, viral and fungal diseases, but also external and internal inflammatory processes, when looked at from the local healing perspective. For this reason, all plants used to treat such symptoms were included in the study. The specimens are registered under the collection series "RBU/PL," "ISA," "GER," "JULS," "EHCHL," "VFCHL," "TRUBH," and "TRUVANERICA," depending on the year of fieldwork and collection location. Surveys were conducted in Spanish by fluent speakers. Surveyors would approach healers, collectors and market vendors and explain the premise for the study, including the goal of conservation of medicinal plants in the area.
Vouchers of all specimens were deposited at the Herbario Truxillensis (HUT, Universidad Nacional de Trujillo), and Herbario Antenor Orrego (HAO, Universidad Privada Antenor Orrego Trujillo). In order to recognize Peru's rights under the Convention on Biological Diversity, most notably with regard to the conservation of genetic resources in the framework of a study treating medicinal plants, the identification of the plant material was conducted entirely in Peru. Plant material was identified by the authors, using available floras as indicated in the nomenclature section, as well as herbarium vouchers in the herbaria where material was deposited. No plant material was exported in any form whatsoever.
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Nomenclature
The nomenclature of genera and species follows the Catalogue of the Flowering Plants and Gymnosperms of Peru (Brako Zarucchi 1993) and the Catalogue of the Vascular Plants of Ecuador (Jørgensen & León-Yanez 1999) . Species were identified using the available volumes of the Flora of Peru (McBride 1936 (McBride -1981 , as well as Jørgensen and Ulloa Ulloa (1994) , Pestalozzi (1998) , and Ulloa Ulloa and Jørgensen (1993) , and the available volumes of the Flora of Ecuador (Sparre & Harling 1978 -2009 , and reference material in the herbaria HUT, HAO, QCA, LOJA and QCNE. The plant family nomenclature was updated using the TROPICOS database (Tropicos 2010) which follows the Angiosperm Phylogeny Working Group III system of classification.
Disease concepts
In the context of our study, healers and market vendors used the terms "inflammation" and "infection" interchangeably for any indication that, to their understanding, was caused by a bacterial infection. We maintain this concept by simply using "inflammation" as a term that signifies potential antibacterial activity. In addition, we hypothesize that plants employed by healers for their concepts of "bronchitis, pneumonia, cough, wounds, diarrhea, kidney and urinary tract inflammation, blood purification and postpartum infections" also to be antibacterial, because in all these cases a bacterial infection could be suspected.
On the contrary, plants used to treat illnesses described as "diabetes, high blood pressure, arthritis, asthma, intestinal discomfort, or used as antihelminthics, anti-parasitics, menstrual regulation, abortion, contraceptive" etc. were clearly seen by the healers involved as non-antibacterial. We maintained this concept for our study.
A large part of the Peruvian pharmacopoeia (over 40%, ) is employed for "spiritual" healing. In such cases patients are either subjected to a healing bath, thus an herbal concoction coming in direct contact with the skin of the patient, or receive a seguro, a flask or bottle containing herbs in alcohol. The latter however is not ingested or allowed to come in direct contact with the patient in any way, but rather serves basically as an amulet. Because of their high abundance, "spiritually" used plants provide an ideal comparison group to antibacterial plants. In addition, cleansing baths are often employed when the healer suspects that sorcery has caused an illness, often manifesting as visible inflammation. For this reason, we hypothesized that plants of this kind are in fact antibacterial, although the healers would not mention them when addressing the western effect concept.
Preparation of Extracts
For each species tested, above ground material (in case of trees: leaves or bark as indicated by the collaborating healers) was collected during the same time period to avoid any seasonal variations, and the entire material was used for extract preparation. This corroborates with the traditional preparation . Plant material was dried at 35°C for three days. After drying, the material was ground with an industrial grinder, and 2 samples of 5g of plant material each were weighed out. Traditionally most plants are prepared in water extracts. In order to investigate if this method yielded the best antibacterial results, or if an ethanol extraction would prove more effective against bacteria, one sample was submerged in 100ml of 96% ethanol and left to macerate for 7 days, while another sample was submerged in 100ml of boiling distilled water and left to macerate for 24h. After maceration the plant material was filtered using standard 10cm filters and 100ml 96% ethanol was added to the water extracts to allow faster solvent removal. The solvent was then evaporated to complete dryness using a standard Buchi rotary-evaporator. The resulting dry extracts were re-suspended in 5ml distilled water. In order to determine the real concentration of each extract, 1ml of previous homogenization of the respective extracts was removed and again completely oven-dried and then weighed to determine the exact amount of extract per ml of final solution. 
Antimicrobial assays
Bacteria
Staphylococcus aureus
Bioassays
The antibacterial activity of the crude plant extracts was determined using an agar-diffusion method (Koneman et al. 1997) . Bacterial strains were obtained as listed above. Bacterial cultures were grown on 5% sheep red blood agar (SBA) and then inoculated onto Mueller-Hinton Agar (PML) for testing.
Following the initial incubation, bacteria were suspended in 10ml of distilled water and their concentration equilibrated to a 0.5 McFarland standard. Using a sterile cotton swab, each sample was transferred onto Mueller-Hinton Agar. Six millimeter blank paper disks were then saturated with 10μl of each plant extract, dried, and applied to the agar surface. Disks with Doxycycline (for S. aureus assays, 3μg/ml, 17mm inhibition), Ampicillin (for E. coli antibacterial activity of Northern Peruvian medicinal plants www.ethnobotanyjournal.org/vol9/i1547-3465-09-067.pdf Number of extracts tested assays 1μg/ml, 15mm inhibition), Ceftriaxone (for S. enterica Typhi assays, 3μg/ml, 8mm inhibition) and Ciprofloxacin (for P. aeruginosa assay, 0.5μg/ml, 10mm inhibition) were applied as controls. These respective antibiotics were chosen because they are often employed as first line antibiotics in the respective bacterial infections. Disks with distilled water were used as negative controls. Plates were incubated at 37°C. After 24h, zones of inhibition appearing around disks were measured and recorded in millimeters. At least three replicates were run for each assay. The antibiotic controls showed an inhibition zone of at least 6mm after 24h exposure in all assays. Extracts from plant species were considered anti-bacterially active if the inhibition zone was least 6mm.
Results
In order to evaluate the antibacterial activity of species used in TM in Northern Peru, 525 plant samples of at least 405 species were tested in simple agar-bioassays for antibacterial activity against S. aureus, E. coli, S. enterica Typhi and P. aeruginosa. Table 1 shows the results of the antibacterial assays. A much larger number of ethanolic plant extracts showed any antibacterial activity compared to water extracts for all antibacterial activity. One-hundred-ninety-three ethanolic extracts and 31 water extracts were active against S. aureus. In twenty-one cases only the water extract showed activity (for all bacterial species) compared to ethanol only. None of the aqueous extracts were active against the other three bacteria, with the activity of the ethanolic extracts also much reduced, as only 36 showed any activity against E. coli, and 3 each against S. enterica Typhi and P. aeruginosa. Eighteen ethanol extracts were effective against both E. coli and S. aureus, while in two cases the ethanol extract showed activity against E. coli and the water extract against S. aureus. The ethanol extract of Dioscorea trifida L.f. was effective against E. coli, S. aureus and P. aeruginosa. Caesalpinia spinosa (Molina) Kuntze was the only species that showed high activity against all bacteria, including S. enterica Ttyphi and P. aeruginosa, when extracted in ethanol. This is of particular interest for potential further research.
Two-hundred-twenty-five extracts came from plant species that are traditionally employed against bacterial infections. One-hundred sixty-six (73.8%) of these were active against at least one bacterium. Of the three-hundred extracts from plants without traditional antibacterial use, only 96 (32%) showed any activity ( Figure 2 ). This shows clearly that plants traditionally used as antibacterial had a much higher likelihood to be antibacterially active than plants without traditional anti-bacterial use. However, the efficacy of plants used traditionally for antibacterial related applications did vary, which underlines the need for studies aiming to clearly understand traditional disease concepts. Plants used for respiratory disorders, inflammation/ infection, wounds, diarrhea, and to prevent postpartum infections were efficacious, based on antibacterial activity, in 70-88% of the tests. Plants used for "kidney inflammation" had a much lower efficacy against bacteria, and fell within the range of species that are traditionally used to treat other bodily disorders. Only species used for spiritual/ritual treatments scored worse. Of these only 22% showed some antibacterial; activity (Figures 3, 4) . However, amongst the "spiritual" plants 38% of the species used for cleansing baths did in fact show activity, while only 15% of the plants often used in protective amulets (mostly species with the families of Lycopodiaceae and Caprifoliaceae) showed limited antibacterial activity.
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Discussion
The results of the presented study give potentially interesting leads for future antibiotic research. They do however also give close insight into traditional plant selection, and last, caution against the simple transfer of traditional applications into Western science. The comparison of closely related species traditionally employed for different purposes (e.g., different Alternanthera spp., Passiflora spp., Senecio spp. and Salvia spp. for spiritual purposes and against bacterial infections) showed that the "spiritual" species normally were not effective against bacteria, while the species used as antibacterials had increased effectiveness. On the other hand, extracts of the same species traditionally used to treat infections often produced vastly diverging results when collected from different localities. Good examples are Iresine herbstii Hook., Schinus molle L., Eustephia coccinea Cav., Oreopanax eriocephalus Harms, Myroxylon balsamum (L.) Harms, Spartium junceum L., or Gentianella dianthoides (Kunth) Fabris ex J.S. Pringle. These species did not produce particularly high inhibition rates in any case, and were not the first choice of healers when trying to find remedies for bacterial infections. Many traditional remedies for concepts like "kidney inflammation" did not produce any antibacterial results, which underlines that research into efficacy does need to closely take traditional disease concepts into account.
Many remedies used for spiritual healing and other noninfection purposes did show antibacterial efficacy in-vitro, but were not listed as such by the local healers. This might be explained by the fact that they either are very inconsistent in their activity (e.g., Brachyotum naudinii Triana, Cydonia oblonga Mill., Hypericum laricifolium Juss., Hyptis sidifolia (L'Hér.) Briq., Lonicera japonica Thunb. ex Murray, Loricaria spp., Mentha X piperita L., M. trianae), or are so closely related that identification, especially when dried, can be a problem, e.g. in the case of Baccaris spp., Gentianella spp., and Valeriana spp., or are prone to toxic side effects like E. americana and Brugmansia spp.
Almost all remedies are traditionally prepared as water extracts, although ethanol (in the form of sugarcane spirit) is readily available. This might at a first glance seem astonishing, given the low efficacy of water extraction found in this study. However, initial results from Brine-Shrimp toxicity assays indicate that the ethanolic extracts are by far more toxic than water extracts of many species, and thus ethanolic extraction might in many cases not be suitable for application in patients. This again indicates the considerable sophistication and care with which traditional healers in northern Peru chose their remedies for a specific purpose.
Conclusions
Simple agar assays alone are not reliable for determining the efficacy of plants used in traditional medicine. The present study however confirms that simple laboratory methods are indeed well suited for the initial assessment of the efficacy of traditionally used medicinal plants in inhibiting bacterial growth. A comparison to the traditional uses also indicated that local knowledge can provide important leads for the development of new drugs: Our hypotheses that plants traditionally used as antibacterials do have a much higher incidence of efficacy than other medicinally used species, and that plants used for cleansing baths are more likely to have antibacterial properties than other species used for ritual purposes could be verified. However, if traditional knowledge is to serve as a lead, the results clearly indicate, that a very careful assessment of traditional disease concepts is needed in order to draw the right conclusions. It also needs to be taken into account that many plants are usually traditionally prepared in complex mixtures, and single species are rarely applied , 2007 . An efficacy analysis of these mixtures, as well as assays to evaluate the toxicity of single species as well as mixtures would be an interesting comparative study.
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